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. 1 , $(x, y)$ ( (X, $\mathrm{y}$))
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, ‘ ’
. $\delta s$ $\mathrm{n}$ ,
$\mathrm{s}$ , ( $\sigma$ ) $\text{ }.$ .
, $\mathrm{v}(x, t),$ $b(x, t)$ , $x$ $\backslash \nearrow^{\backslash }\backslash \backslash$
$\theta(x, t)$ , $y$ $\eta(x,t)$ . , $\mathrm{n},$ $\mathrm{s}$




$\delta s$ , $b$ , $0$
:
$\frac{\mathrm{d}}{\mathrm{d}t}(\rho b\delta_{S)}=0,$ $(1)$
, $\rho$ , $\mathrm{d}/\mathrm{d}t$ .
(1) aels




$t$ $\delta s$ , t+\mbox{\boldmath $\delta$} $\delta s’$
. , $\delta x$ $x$ $\delta s$ ,
$\delta_{S’=}\delta s+\mathrm{s}\cdot\frac{\partial \mathrm{v}}{\partial x}\delta x\delta t$, (3)
. $\mathrm{v}$
$\mathrm{v}=v_{n}\mathrm{n}+v_{s}\mathrm{s}$ , (4)
. , $\mathrm{n},$ $\mathrm{s}$ $\mathrm{x},$ $\mathrm{y}$
$\mathrm{n}=\cos\theta \mathrm{y}-\sin\theta_{\mathrm{X}}$ , (5)
$\mathrm{s}=\sin\theta \mathrm{y}+\cos\theta \mathrm{x}$, (6)
,
$\tan\theta=\frac{\partial\eta}{\partial x}$ , (7)
.
(5), (6) $x$ , (7) ,
$\frac{\partial \mathrm{n}}{\partial x}=-\frac{\partial^{2}\eta}{\partial x^{2}}\cos^{2}\theta \mathrm{s}$ , (8)
$\frac{\partial \mathrm{s}}{\partial x}=\frac{\partial^{2}\eta}{\partial x^{2}}\cos^{2}\theta \mathrm{n}$, (9)
. , (4) (3) , (8), (9)
,
$\frac{d(\delta s)}{\mathrm{d}t}=\frac{\delta s’-\delta S}{\delta t}=\delta_{X}(\frac{\partial v_{s}}{\partial x}-v_{n^{\frac{\partial^{2}\eta}{\partial x^{2}}}}\cos\theta 2)$ , (10)
.
$\bullet$ $\mathrm{d}b/\mathrm{d}t$ $b=b(X, t)$ ,
$\frac{\mathrm{d}b}{\mathrm{d}t}=\frac{\partial b}{\partial t}+\frac{\partial b}{\partial x}v_{x}$, (11)
. , (4), (5), (6)
$v_{x}=\mathrm{v}\cdot \mathrm{x}=v_{S}\cos\theta-vn\sin\theta$ , (12)
. (12) (11) , (7)
$\frac{\mathrm{d}b}{\mathrm{d}t}=\frac{\partial b}{\partial t}+\cos\theta(vs-vn\frac{\partial\eta}{\partial x})\frac{\partial b}{\partial x}$, (13)
.
, (10), (13) (2)






$F(x, y, t)=0$ , (15)
. ,
$F(x, y, i)\equiv y-\eta(_{X}, t):$ , (16)
, , ,
, , . ,
$t$ , $x$ (15) , $\neq+\delta t$ $\mathrm{x}+\mathrm{v}\delta t$
, (15) :
$F(x+\mathrm{v}\delta t, y+\mathrm{v}\delta t, t+\delta t)=0$ . (17)
(17) (15) , $\delta t$ $\delta tarrow 0$
:
$\frac{dF}{dt}=\frac{\partial F}{\partial t}+\frac{\partial F}{\partial x}v_{x}+\frac{\partial F}{\partial y}vy=0$ . (18)
, (18) (16)
$v_{y}- \frac{\partial\eta}{\partial t}-.\frac{\partial\eta}{\partial x}v_{x}=0$ , (19)






$\frac{\partial\eta}{\partial t}=\frac{v_{n}}{\cos\theta}$ . (22)
2.3
, :
$\rho b\frac{\mathrm{d}\mathrm{v}}{\mathrm{d}t}=-(2\sigma\nabla\cdot \mathrm{n})\mathrm{n}$ . (23)
45
$\nabla\cdot \mathrm{n}$ (16) $F$ $[\nabla\cdot(\nabla F/|\nabla F|)]_{F=0}$ :
$\nabla\cdot \mathrm{n}=-\frac{\partial^{2}\eta}{\partial x^{2}}\cos^{3}\theta$. (24)
, $\mathrm{d}/\mathrm{d}t$ (13)
$\frac{\mathrm{d}}{\mathrm{d}t}=\frac{\partial}{\partial t}+\cos\theta(v_{s}-v_{n}\frac{\partial\eta}{\partial x})\frac{\partial}{\partial x}$ , (25)
, (5), (6) (25) ,
$\frac{\mathrm{d}\mathrm{n}}{dt}=-\mathrm{S}[\cos^{2}\theta\frac{\partial^{2}\eta}{\partial t\partial x}+\cos^{3}\theta(v_{S}-v\frac{\partial\eta}{\partial x}n)\frac{\partial^{2}\eta}{\partial x^{2}}]$ , (26)
$\frac{d\mathrm{s}}{dt}=\mathrm{n}[\cos^{2}\theta\frac{\partial^{2}\eta}{\partial t\partial x}+\cos^{3}\theta(v_{S}-v\frac{\partial\eta}{\partial x}n)\frac{\partial^{2}\eta}{\partial x^{2}}]$ , (27)
. , $\partial^{2}\eta/\partial t\partial x$ (22) $x$
$\frac{\partial^{2}\eta}{\partial t\partial x}=\frac{1}{\cos\theta}\frac{\partial v_{n}}{\partial x}+v_{n}\frac{\partial\eta}{\partial x}\frac{\partial^{2}\eta}{\partial x^{2}}\cos\theta$ , (28)
. (23) (24) , (4) , (25)
(28) $\mathrm{n}$ $\mathrm{s}$ ,
:
$\frac{\partial v_{S}}{\partial t}=-\cos\theta(v_{S}-v_{n^{\frac{\partial\eta}{\partial x}}})\frac{\partial v_{s}}{\partial x}+v_{n}\cos\theta(\frac{\partial v_{n}}{\partial x}+v_{s^{\frac{\partial^{2}\eta}{\partial x^{2}}\mathrm{c}}}\mathrm{o}\mathrm{s}2\theta)$ , (29)
$\frac{\partial v_{n}}{\partial t}=-\cos\theta(v_{s}-vn\frac{\partial\eta}{\partial x})\frac{\partial v_{n}}{\partial x}-v_{S}\cos\theta(\frac{\partial v_{n}}{\partial x}+v_{S^{\frac{\partial^{2}\eta}{\partial x^{2}}\mathrm{c}}}\mathrm{o}\mathrm{s}2\theta)$








$=$ $-v_{S^{\frac{\partial b}{\partial x}-b\frac{\partial v_{S}}{\partial x}}}$ , (31)
$\frac{\partial v_{S}}{\partial t}$ $=$
$-v_{s^{\frac{\partial v_{s}}{\partial x}}}$ . (32)
46
(32) , $\mathrm{d}x/\mathrm{d}t=v_{S}$ $v_{s}=const$ . , $f$ $\xi=x-v_{s}t$
,
$v_{s}=f(\xi)$ . (33)




, $’\equiv \mathrm{d}/\mathrm{d}\xi$ .
$f(\xi)$ (31) :
$\frac{\partial b}{\partial t}+f\frac{\partial b}{\partial x}=-\frac{f’}{1+f’t}b$ , (34)
(34) $b=g(x, t)$ , $G(t, x, b)\equiv b-g(x, t)$ , (34)
:
$(1, f, - \frac{f’b}{1+f’t})\cdot\nabla G=0$ . (35)
, $\nabla\equiv(\partial/\partial t, \partial/\partial x, \partial/\partial b)$ . , $(t, x, b)$ (1, $f,$ $-f^{J}b/(1+$
$f’t))$ $\nabla G$ ,G $=$ const. $(\mathrm{d}t, \mathrm{d}x, \mathrm{d}b)$ . ,




$=$ $f$ , (37)
$\frac{\mathrm{d}b}{\mathrm{d}t}$ $=$ $- \frac{f’}{1+f’t}b$ , (38)
. (37) (32) , (38) ,
$b=b_{0}(_{X}) \frac{1}{1+tf’(\xi)}$ , (39)
. , $b_{0}(x)$ $x$ . $t=0$ $b=b_{0}(x)$
, (39) $b_{0}(x)$ $b$ . $t$ ,
$f’>0$ $b$ , $f’<0$ . , $f$
, $v_{s}=f(\xi)$ , -
$f’<0$ . $b$




$\lambda$ , $v_{0}$ ,
$\lambda/v_{0}$ . $x,$ $t$
$b,$ $\eta,$ $v_{n},$ $v_{S}$ . , $W_{\mathrm{e}}=(\rho v_{0}^{2}\lambda)/\sigma$ .
;
(i) :
$\eta=\epsilon\cos(‘ 2\pi x)$ , $b=b_{0}$ , $v_{s}$
.




(14),(22) $,(29)$ (30) , Runge-
Kutta ( t $=0.001$ ), 3 (
$\Delta x=0.02$ ) , 5
. – ,
. , Runge-Kutta (
$\triangle t=0.005)$ , 2 ( x $=0.025$),




, 3 . $t=1$
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